Novel drug delivery systems are now a day is creating a new interest in development of drug deliveries. The transdermal route of drug delivery has gained great interest of pharmaceutical research, as it circumvents number of problems associated with oral route of drug administration. Transferosomes are capable of transdermal delivery of low as well as high molecular weight drugs. This offers several potential advantages over conventional routes like avoidance of first pass metabolism, predictable and extended duration of activity, minimizing undesirable side effects, utility of short half life drugs, improving physiological and pharmacological response and have been applied to increases the efficiency of the material transfer across the intact skin, by the use of penetration enhancers and non-ionic surfactant vesicles. It is suitable for controlled and targeted drug delivery and it can accommodate drug molecules with wide range of solubility. Due to its high deformability it gives better penetration of intact vesicles. Transferosome possess an infrastructure consisting of hydrophobic and hydrophilic moieties together and as a result can accommodate drug molecules with wide range of solubility. They are biocompatible and biodegradable as they are made from natural phospholipids and have high entrapment efficiency. In this review, we have focused on transferosome with discussions on novel drug delivery systems for targeted delivery of therapeutics and important issues and challenges for future clinical applications.
INTRODUCTION
Transfersome is a term registered as a trademark by the German company IDEA AG, and used by it to refer to its proprietary drug delivery technology. The name means "carrying body", and is derived from the Latin word 'transferre', meaning "to carry across", and the Greek word "soma", for a "body". A transfersome carrier is an artificial vesicle designed to be like a cell vesicle or a cell engaged in exocytosis, and thus suitable for controlled and, potentially targeted, drug delivery. Transferosomes are promising nanocarriers for non invasive transdermal delivery. Transferosomes are ultra deformable vesicles possessing an aqueous core surrounded by the complex lipid bilayer. Interdependency of local composition and shape of the bilayer makes the vesicle both self-regulating and selfoptimizing 1 . Transferosomes are capable of transdermal delivery of low as well as high molecular weight drugs 2 . Transferosomes are specially optimized, ultra flexible lipid supra molecular aggregates, which are able to penetrate the mammalian skin intact and then act as a drug carrier for non-invasive targeted drug delivery and sustained release of therapeutic agents 3 . Transferosomes are colloidal carriers which are easily accumulated into the leaky synovial tissue which leads to peripheral targeting. Transferosomes also act as depot resulting in controlled drug delivery system. Better drug delivery by transferosomes is due to the driving force provided by the osmotic gradient between outer and inner layer of stratum corneum 4 , thus, they can pass through the intact skin spontaneously under the influence of the naturally occurring in vivo transcutaneous hydration gradient. Due to their deformability, transferosomes are good candidates for the non-invasive delivery of small, medium, and large sized drugs. The transfersomes
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[101] CODEN (USA): JDDTAO components that sustain strong membrane deformation preferentially accumulate, while the less adaptable molecules are diluted at sites of great stress. This dramatically lowers the energetic cost of membrane deformation and permits the resulting, highly flexible particles, first to enter and then to pass through the pores rapidly and efficiently. This behavior is not limited to one type of pore and has been observed in natural barriers such as in intact skin 5, 6 . Transferosomes are self adaptable and optimized mixed lipid aggregate.
Transferosomes are artificial vesicles, being several orders of magnitude more deformable than standard liposomes. These are more elastic than standard liposomes. Transferosomes have been widely used as a novel carrier for effective transdermal drug delivery.
MECHANISM OF ACTION
Transferosomes overcome the skin penetration difficulty by squeezing themselves along the intracellular sealing lipids of stratum corneum (Figure 1 ).
Figure 1: Schematic diagram describing interaction of the transferosome with skin tissue
At present, the mechanism of enhancing the delivery of active substances in and across the skin is not very well known. Two mechanisms of action have been proposed 7, 8 . Transferosomes act as drug vectors, remaining intact after entering the skin. Transferosomes act as penetration enhancers, disrupting the highly organized intercellular lipids from stratum corneum, and therefore facilitating the drug molecules penetration in and across the stratum corneum. The recent studies propose that the penetration and permeation of the vesicles across the skin are due to the combination of the two mechanisms. Depending on the nature of the active substance (lipophilic or hydrophilic) and the composition of the transferosomes, one of the two mechanisms prevails.
After having penetrated through the outermost skin layers, transferosomes reach the deeper skin layer, the dermis. From this latter skin region they are normally washed out, via the lymph, into the blood circulation and through the latter throughout the body, if applied under suitable conditions. Transferosomes can thus reach all such body tissues that are accessible to the subcutaneously injected liposomes. The kinetics of action of an epicutaneously applied agent depends on the velocity of carrier penetration as well as on the speed of drug (re) distribution and the action after this passage. The most important single factors in this process are:
• Carrier in-flow
• Carrier accumulation at the targets site
• Carrier elimination
The onset of penetration-driving force depends on the volume of the suspension medium that must evaporate from the skin surface before the sufficiently strong trans-cutaneous chemical potential chemical potential or water activity gradient is established. Using less solvent is favourable in this respect. The rate of carrier passage across the skin is chiefly determined by the activation energy for the carrier deformation.
COMPOSITION OF TRANSFEROSOMES
Transfersomes are ultradeformable vesicle possessing an aqueous core surrounded by the complex lipid bilayer. Transferosomes possess an infrastructure consisting of hydrophobic and hydrophilic moieties together and as a result can accommodate drug molecules with wide range of solubility 9 . Transferosomes can deform and pass through narrow constriction (from 5 to 10 times less than their own diameter) without measurable loss. The transfersome is composed of two main aggregates namely.
Firstly, an amphipathic ingredient (phosphatidylcholine), in which the aqueous solvents self-assembles into lipid bilayer that closes into a simple lipid vesicle. Secondly, a bilayer softening component (such as a biocompatible surfactant oramphiphile drug) that increases lipid bilayer flexibility and permeability. Transferosomes vesicles are composed of phospholipids as the main ingredient (soya phosphatidylcholine, egg phosphatidylcholine, dipalmityl phosphatidylcholine, etc), 10-25% surfactants for providing flexibility (sodium cholate, tween 80, span-80), 3-10% alcohol as a solvent (ethanol, methanol) and hydrating medium consisting of saline phosphate buffer (pH 6.5-7).
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[102] CODEN (USA): JDDTAO They differ from liposomes because of the presence of so-called edge-activators, and comprise phospholipids as the main ingredient with 10-25% surfactant (e.g. sodium cholate) and 3-10% ethanol. The surfactants are the "edge activators", which confer ultradeformability on the transferosomes. The elasticity of the vesicle is correlated with the quantity and the structure of the incorporated surfactant. In comparison with liposomes, it has been claimed that transferosomes are able to deliver their "payload" deeper into the skin.
METHODS OF PREPARATION OF TRANSFERSOMES
Transfersome vesicles are prepared in a similar manner as liposomes that includes sonicating, extrusion, low shear rates mixing (multilamellar liposomes), or high high-shear homogenisation unilamellar liposomes) of the crude vesicle suspension, except that no separation of the vesicle-associated and free drug is required. The preparation of transfersomes involves various process variables such as lecithin, surfactant ratio, effect of various solvents, effect of various surfactants and hydration medium. All the methods of preparation of transfersomes are comprised of two steps. First, a thin film is prepared hydrated and then brought to the desired size by sonication; and secondly, sonicated vesicles are homogenized by extrusion through a polycarbonate membrane (Figure 2 ). The mixture of vesicles forming ingredients, that is phospholipids and surfactant were dissolved in volatile organic solvent (chloroform methanol), organic solvent evaporated above the lipid transition temperature (50 º 10 . 
CHARACTERIZATION
The mechanical properties and transport ability of a vesicle can be studied by measuring stress-or deformation-dependent vesicle bilayer elasticity and permeability changes. In a single experiment the objective may be reached by determining the pressure dependent area density of the transfersome suspension flux through a nano-porous filter, with pores at least 50% smaller than the average vesicle size. Analysis of experimental penetrability vs. driving pressure curves can yield the characteristic bilayer elasticity and permeability values, based on theoretical description of material flow as an activated transport process.
Visualization of transferosomes can be performed using transmission electron microscopy (TEM) and by scanning electron microscopy (SEM). Particle size and size distribution can be determined by dynamic light scattering (DLS) and photon correlation spectroscopy (PCS). The drug entrapment efficiency of transferosomes can be measured by the ultracentrifugation technique. Vesicle stability can be determined by assessing the size and structure of the vesicles over time and drug content can be quantified by HPLC or other spectrophotometric methods. In vitro drug release can be measured using a diffusion cell or a dialysis method 9, 11 . Insulin can be deliverd by encapsulating it into transferosomes. Insulin is generally administered by subcutaneous route that is inconvenient. Encapsulation of insulin into transferosomes (transfersulin) overcomes these entire problems. After transfersulin application on the intact skin, the first sign of systemic hypoglycemia are observed after 90 to 180 min, depending on the specific carrier composition 12 . Transferosomes have been also used for the delivery of corticosteroids. Transferosomes improves the site specificity and overall drug safety of corticosteroid delivery into skin by optimizing the epicutaneously administered drug dose. Transferosomes based corticosteroids are biologically active at dose several times lower than the currently used formulation for the treatment of skin diseases 13 . Transfersomes have been widely used as a carrier for the transport of proteins and peptides. Proteins and peptide are large biogenic molecules which are very difficult to transport into the body, when given orally they are completely degraded in the GI tract. These are the reasons why these peptides and proteins still have to be introduced into the body through injections. Various approaches have been developed to improve these situations.
APPLICATION OF TRANSFERSOMES
The bioavaibility obtained from transferosomes is somewhat similar to that resulting from subcutaneous injection of the same protein suspension. The transferosomal preparations of this protein also induced strong immune response after the repeated epicutaneous application, for example the adjuvant immunogenic serum albumin in transferosomes, after several dermal challenges is as active immunologically as is the corresponding injected proteo-transferosomes preparations 14, 15 . Transferosomes have also been used as a carrier for interferons, for example leukocytic derived interferone-α (INF-α) is a naturally occurring protein having antiviral, antiproliferive and some immunomodulatory effects. Transferosomes as drug delivery systems have the potential for providing controlled release of the administered drug and increasing the stability of labile drugs. Hafer et al studied the formulation of interleukin-2 and interferone-α containing transferosmes for potential transdermal application .they reported delivery of IL-2 and INF-α trapped by transferosomes in sufficient concentration for immunotherapy 16 . Anti cancer drugs like methotrexate were tried for transdermal delivery using transfersome technology. The results were favorable. This provided a new approach for treatment especially of skin cancer 17, 18 . Application of anesthetics in the suspension of highly deformable vesicles, transferosomes, induces a topical anesthesia, under appropriate conditions, with less than 10 min. Maximum resulting pain insensitivity is nearly as strong (80%) as that of a comparable subcutaneous bolus injection, but the effect of transferosomal anesthetics last longer [17] . NSAIDS are associated with number of GI side effects. These can be overcome by transdermal delivery using ultra-deformable vesicles. Studies have been carried out on diclofenac and ketoprofen. Ketoprofen in a transfersome formulation gained marketing approval by the Swiss regulatory agency (SwissMedic) in 2007; the product is expected to be marketed under the trademark diractin. Further therapeutic products based on the transfersome technology, according to IDEA AG, are in clinical development 19 . Transferosomes have also used for the delivery of corticosteroids. Transferosomes improves the site specificity and overall drug safety of corticosteroid delivery into skin by optimizing the epicutaneously administered drug dose. Transferosomes beased cortiosteroids are biologically active at dose several times lower than the currently usd formulation for the treatment of skin diseases 20 . Transfersomes have also been reported to improve the therapeutic efficacy of cyclosporine, and the site specificity and safety of corticosteroids. Transfersomes can penetrate stratum corneum and supply the nutrients locally to maintain its functions resulting maintenance of skin in this connection the transfersomes of capsaicin has been prepared by Xiao-Ying et al. which shows the better topical absorption in comparison to pure capsaicin 21 . Herbal drugs can also be incorporated into transferosomes as they can penetrate stratum corneum supply nutrients locally to maintain its functioning. curcumin, capsaicin showed topical administration through transferosomal formulations.
LIMITATIONS OF TRANSFEROSOMES
Transferosomes are chemically unstable because of their predisposition to oxidative degradation. Purity of natural phospholipids is another criteria militating against adoption of Transferosomes as drug delivery vehicles. Transferosomes formulations are expensive 3, 17, 22 .
SCOPE OF TRANSFERSOMES
Transfersome technology is best suited for noninvasive delivery of therapeutic molecules across open biological barriers. The transfersome vesicles can transport across the skin, for example, molecules that are too big to diffuse through the barrier. Examples include systemic delivery of therapeutically meaningful amounts of macromolecules, such as insulin or interferon, across intact mammalian skin. Other applications include the transport of small molecule drugs which have certain physicochemical properties which would otherwise prevent them from diffusing across the barrier. Another attraction of the transfersome technology is the carriers ability to target peripheral, subcutaneous tissue. This ability relies on minimization of the carrier associated drug clearance through cutaneous blood vessels plexus: the non-fenestrated blood capillary walls in the skin together with the tight junctions between endothelial cells preclude vesicles getting directly into blood, thus maximizing local drug retention and propensity to reach the peripheral tissue targets [ 23, 24 . Scope of transfersomes is mainly intended for topical application although other routes may be considered for further investigations. Drug should be selected in such a way that it fits in the criteria of topical delivery. It should have ideal limits for aqueous solubility, lipophilicity, molecular size, melting point and pH of the aqueous saturated solution. Further in future by combining various other strategies, vesicular system will find the central place in novel drug delivery, particularly in ISSN: 2250-1177
[104] CODEN (USA): JDDTAO diseased cell sorting, diagnostics, gene and genetic materials, safe, targeted and effective in vivo delivery.
CONCLUSION
Transfersomes are the most promising transdermal drug carrier is the recently developed and patented Transfersome® which penetrates the skin barrier along the transcutaneous moisture gradient. This leads the carriers through the "virtual "pores between the cells in the organ without affecting its biological and general barrier properties. Transfersome carriers can create a highly concentrated drug depot in the systemic circulation. Transfersome carriers loaded with various agents of different molecular size and lipophilicity (lidocaine, tetracaine, cyclosporine, diclofenac, tamoxifen, etc.) have been shown to cross the skin barrier. In addition, polypeptides such as calcitonin, insulin, α-and γ-interferon, and, Cu -Zn super oxide dismutase, serum albumin, and dextrose have been successfully delivered across the skin with transfersome carriers. The future of controlled drug delivery is expected to grow phenomenonally and biomedical application of transfersomes is expected to increase and requires greater efforts towards investigating the nonbilayer phases and exploring the mechanism of action.
